Ethylene chlorhydrin, thiourea, and the fat solvent anesthetics, when used in certain concentrations and exposures are often effective in breaking rest periods in plants (8, 13) . These agents may also modify the rates of respiration and polysaccharide hydrolysis. The rates of such processes are frequently increased when plants are treated with relatively low concentrations and decreased when treated with higher ones (3, 6, 7, 8, 10, 13, 14, 17, 18, 19) . It has been suggested (23) that the breaking of rest periods and accelerated rates of respiration, polysaccharide hydrolysis, imbibition, and permeability are a consequence of a dissociation (disaggregation) of protoplasmic proteins and that the retarded rates which result from longer exposures or higher concentrations are conditioned by an association (aggregation) of protoplasmic proteins.
Ethylene chlorhydrin, thiourea, and the fat solvent anesthetics, when used in certain concentrations and exposures are often effective in breaking rest periods in plants (8, 13) . These agents may also modify the rates of respiration and polysaccharide hydrolysis. The rates of such processes are frequently increased when plants are treated with relatively low concentrations and decreased when treated with higher ones (3, 6, 7, 8, 10, 13, 14, 17, 18, 19) . It has been suggested (23) that the breaking of rest periods and accelerated rates of respiration, polysaccharide hydrolysis, imbibition, and permeability are a consequence of a dissociation (disaggregation) of protoplasmic proteins and that the retarded rates which result from longer exposures or higher concentrations are conditioned by an association (aggregation) of protoplasmic proteins.
The data presented later indicate that in certain concentrations ethylene chlorhydrin, thiourea, and the fat solvent anesthetics diminish the structural viscosity of protoplasm in leaf cells of Elodea. Decreases in structural viscosity are presumed to result from a dissociation of protoplasmic. proteins (23) .
Exposures to low temperatures may also influence plants by breaking rest periods (4) and altering the course and rate of development (vernalization). It will be shown that a temperature of 30 C. conditions a decrease in the structural viscosity of Elodea protoplasm.
As yet there is no general agreement as to the role of copper and zinc in the metabolism of plants, although it is known that in traces they accelerate one or more plant activities and in larger quantities they are toxic (2) . In relatively low concentrations these metals lower protoplasmic viscosity whereas in higher concentrations they increase it.
Materials and methods
For each experiment (tables I and II) one whorl of Elodea leaves was placed in tap water, which was used except as specified in the tables, and the adjacent whorl was placed in the experimental solution made up with tap water unless otherwise indicated. The above procedure was repeated with three other plants, thus giving a sample of four whorls of leaves for the experimental group and an equal number for the control group.
After the desired time of immersion at room temperature (approximately 210 C.), the control and experimental whorls were placed on cotton wet with water for the controls and the appropriate solution for the experimental group. After inserting the cotton wads in centrifuge tubes, the leaves were centrifuged with an acceleration of 680 x gravity for 90 seconds, an acceleration which usually displaced the chloroplasts only in cells at the base of the control leaves. In each experiment the control and experimental gfroups were centrifuged synchronously. Following centrifugation one leaf from The data in tables I and II disclose that ethylene chlorhydrin, thiourea, ether, ethyl alcohol, propyl alcohol, butyl alcohol, cupric chloride, and zinc sulphate lower the structural viscosity of the protoplasm when used in relatively low concentrations or relatively high concentrations for short periods of time. On the other hand, when higher concentrations were used, except with thiourea, the initial decrease was followed by an increase to at least normal and in some cases to higher than normal.
The 0.6 molal sucrose and 0.3 molal potassium chloride plasmolyzed the cells. Such plasmolysis induced a striking decrease in the viscosity of the protoplasm.
The viscosity was muell less in cells maintained at 30 C. for periods ranging fromii 15 minutes to 2 hours than in cells maintained at room temperature, 21°C. Cells maintained and centrifuged at 30 C. invariably showed a greater percentage of chloroplast displacement than did the controls (those maintailned at 210 C.), which were centrifuged at the same time.
Discussion
Long ago HuxLEY suggested that protoplasm, wherever located, was similar in many particulars. If this be true, the living substance, irrespective of the body in which contained, may respond in like manner to applied agents.
Fat solvent anesthetics affect protoplasm in various organisms in a similar manner, decreasing the protoplasmic viscosity in certain concentrations and increasing it in higher ones (5, 11, 12, 26) . Some of the concentrations and exposures used in this investigation were the same as those used by DAUGHERTY (5) (20) .
With respect to the effects of copper on protoplasmic viscosity, the only previous complete study, one in which several concentrations were used for differenit intervals, is that of ANGERER (1) who noted that with concentrations of cupric chloride less than 10-3 molar the protoplasmic viscosity of sea urchin eggs decreased after a latent period whereas with longer time intervals the viscosity increased. Because the protoplasm of Elodea reacted likewise, copper probably affected these apparently unrelated protoplasms in a similar manner.
TIMMEL (25) working with Caltha and NORTHEN (22) with Spirogyra previously noted that plasmolvsis decreases protoplasmic viscosity, a result in agreement with that presented in this paper.
In contrast to the similar responses of different kinds of protoplasm to fat solvent anesthetics, cupric chloride, and hypertonic solutions, the response of protoplasm to low temperature is not identical in the various organisms that have been studied or the methods of applying low temperatures have not been the same. According to HELBRUNN (12) some types of protoplasm show a regular increase in viscosity with diminishing temperature whereas other types may exhibit a decrease in viscosity as the temperature is lowered in a given range. The protoplasm of Spirogyra is probably of the first type (21) whereas the cortex of Amoeba proteus is an example of the second type. When Amoeba were maintained in culture fluid the viscositv increased as the temiperature was raised from 30 C. to 70 C., but with further increase up to 330 C. the viscosity decreased (24) . However, at 200 C. the viscosity was higher than at 3°C., a result which is in agreement with that obtained for Elodea. Ethylene chlorhydrin and thiourea in appropriate concentrations decrease the structural viscosity of Elodea protoplasm (tables I and II). The data of MARcy (16) Many of the chemicals used in this investigation not only affect protoplasm, but they also influence the rates of such processes as respiration, polysaccharide hydrolysis, imbibition, and permeability, generally conditioning increased rates when used in appropriate concentrations and decreased rates when used in higher ones (3, 6, 7, 8, 9, 10, 13, 14, 15, 17, 18, 19) . In addition many of the agents are effective in breaking rest periods. It is believed (23) that the agents do not directly affect the processes mentioned but that the rates are influenced by the alterations of protoplasm, being increased when the protoplasmic viscosity is lowered and decreased when the viscosity is increased. The decreases in structural viscosity recorded in this paper probably result from a dissociation of the protoplasmic proteins (that is, the splitting of large protein molecules into units of smaller size). NORTHEN hypothesized (23) that such dissociation often conditions increases in the rates of such processes as respiration, imbibition, permeability, polysaccharide hydrolysis, and under some conditions the dissociation may be primarily responsible for the breaking of rest periods. The idea that a disaggregation of cell colloids (resulting in a greater dispersion) hastens the rates of many cellular processes is a rather old and well-established hypothesis. NORTHEN 'S concept augments this older idea in that he recognizes that dissociation not only increases the surface, but it may also result in the liberation of enzymes from their previous combinations and in the formation of enzyme activators such as sulfhydryl groups. Summary The centrifuge method was used to determine the effects of various agents on protoplasmic viscosity in cells of Elodea. Concentrations of 2 per cent. ethylene chlorhydrin, 3 per cent. thiourea, 4 per cent. ether, 6 per cent. ethyl alcohol, 3.5 per cent. propyl alcohol, 1.5 per cent. butyl alcohol, 0.0001 molal cupric chloride, and 0.001 molal zinc sulphate conditioned decreases in the structural viscosity when the exposures were two hours or less. Decreases in viscosity were presumed to result from dissociations of protoplasmic proteins. Concentrations one-half of those listed above also decreased the viscosity, while with concentrations greater than those mentioned an initial decrease in viscosity was usually followed by an increase.
